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SUMMARY

formakingin-flightmeasurementsofthe
theimmediatevicini~ofa propellerin,

Instrumentationsuitable
free-spacesoundpressuresin
forwardflighthasbeendevelopedandsuccessfuMyusedona fighter
airplaneuptoa Machnuniberof0.72.Thesensingelementisa capaci~
microphonehousedina streamlinedprobeandusedinconjunctionwith
anoscillatortoconvertthepressurepulsesintoa frequency-modulated
signalwhichistelemeteredtotheground.Atthegroundreceiving
station,thetelemeteredsignalisdetectedandrecordedonmagnetic
tape.Subsequently,therecordedsignalisconvertedtoa varying
voltagewhichisfedintoa heterodynefrequencyanalyzer.

Thesystemresponseisflatwithinfldecibelinthefrequency
rangeof80to1,000cps,andthemaximumsecond-harmonicdistortion
islessthan3 percentfora soundIkvelof140decibels(re0.0002
dyne/cm~). Theoverall
dynamicrangeis150to

accuracyofthesystemis~2decibels,andthe
113decibeSs(re0.0002dyne/cm2).

INTRODUCTION

Inrecentaeronauticalresearch,muchattentionhasbeengivento
thecharacteristicsofthesoundf_ieldgeneratedbyairplanepropellers
movinginforwardflightatvariousSpeeds.Mostofthisworkhasbeen
theoretical(refs.1,2,Snd3),andattemptstoverifithetheories
e~erimentallyhavebeenlimitedtosound-pressuremeasurementsmade
insidethefuselageorontheskinoftheairplane.Ihordertoobtain
data(ref.4)whicharemoredirectlyapplicabletothesetheories,it
wasnecessarytodevelopinstrumen~tiananda techniquesuitablefor
makingfree-spacesoundmeas~ementsintheimmediatevicinityofa
propeUermovingathighforwardspeeds.

.
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Sincethedataneededforenluationofthesetheorieswouldhave
tobepresentedintheformofharmonicanalyses,considerationwas
giventothetechniquesforobtainingfreqyencyanalysesfrompressure
data. Thetechniqueselectedwasthatofrecordingthedataonmagnetic
tape,thedatathenbeingavailableintheformofanelectricalsignal
whichcouldbe convenientlyfedintoanyoneofa mmiberofcommercially
available,automaticfrequencyanalyzers.Filmrecordsofthesound-
pressurevariationscouldalsobeeasilyobtainedfromthetaperecording
by playing the recordedsignalintoanysuitabletime-historyrecorder.
Sincetheavailabletaperecorderswhichwerecapableofrecordingdata
ofthisnaturewiththerequiredfidelityandwhichwerecompatiblewith
existingequipmentwerenotsuitableforuseinfighterairplanesin
fId@t,itwasnecessarytotelemetertheinformationtotheground.

Althoughusableinotherapplications,theinstrumentationdescribed
inthisreportwasspecificallydevelopedformeasuringthefree-space
soundfieldnearthetipofa propellerofa fighterairplaneinfor-
wardflight(ref.4) . In thesetests,thefrequencyrangeofinterest
was80to1,000Cps. I?Lgure1 presentsa fkequencyanalysistypical
ofthoseobtainedwiththisequipment.Theresultsofthesetestsare
presentedindetailinreferm-ce4. .

DESIGNANDDESCRIPTIONOFSYSTEM

1310ckdiagrsmsofthetelemeteringandamalyzing
showninfigure2.

Thesound-sensing“partofthesystemconsistsof
housedina speciallydesignedprobe.Themicrophone

.

equipmentare

a microphone
ccmvertsthe

pressurepulsesinto-capacitychanges,andsnoscillator,whichis
pottedinsidetheboomdirectlybehindthemicrophone,convertsthe
capaci~changesintoa frequency-modulatedsignalwhichamplitude-
mcilulatesa telemetertransmitter.Thesignalisthendetectedbya
groundreceiverandrecordedonmagnetictapeforfutureanalysis.
Theanalyzingprocessconsistsofpassingthiselectricalsignalthrough
a heterodynefrequencyanalyzer,thenthrougha voltage-squaringunit,
and,finally,toa penrecorder.

Microphone

Ihtheselectionofthemicrophone,a nmiberof-factorswerecon-
sidered:thesmountofadditionalequipment‘necessarytoconvertthe
informationintoa frequency-modula~dsignal,thetemperature,humidity, .
andaccelerationcharacteristicsofthemicrqihone,andthemicrophone
sizeandfrequencyrange.Thecapacitance-typemicrophaewasselected ),.
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asbeingthemostsui~bleofthecommerciallyavailablemicrophones,
andtheWesternElectricty’pe640-AAwaschosenonthebasisOfhighest.
sensitivity.

Thecharacteristicsofthismicrophone’areasfollows:(1)Maxi-
mumsoundlevelis151decibels(re0.0002dyne/cm2), (2)frequency
responseisflatwithin*1decibelfrom80cpsto1,000cps,(3)static
capacitanceis50ppf,and(4)sensitivityis2.2~f/in.~0. The
sensitivityvariationsofthemicrophonewithaltitudeandtemperature
aregiveninreference5. Thevariationwithaltitudeisoftheorder
of2 decibelsfora changeinaltitudefromsealevelto4.0,000feet;
thevariationwithtemperattieisapproximately1/2decibelfora
decreaseintemperatureof650C.

,

TheWesternElectrictype640-AAisconstructedwitha pressure-
equalizingleaktotheinsideofthemicrophonetominimizetheeffects
ofslowchangesinmibientpressure.Tests-ontheunitrevealedthat
approximately4 secondswererequiredtoreducea pressuredifference
by63percentatsealev+. Sincetheairplanewasrequiredtodiveto
reachhigherMachnunibers,calculationsweremadetodeterminethe
effectofthisl-secondtimeconstantduringthedives.Duringa 30°
diveata Mch numberofO.~ andanaltitudeof20,000feet,therate
ofchangeofpressurealtitude(4in.H20/see)woulddeflectthemicro-
phonediaphragmalmostfull-scale,andMttledynamicinformationcould
beobtained.Therefore,theleakpath(fig.3)ofthemicrophonewas
modifiedbyincreasingthesurfaceroughnessofthecersmicinsulator
witha diamond-tippedstylus,anda timeconstantof0.25secondatsea
level-S obtained.Thistimeconstantpermitssufficientpressure
equalizationtotakeplaceduringtherequireddives.

Figure4 presentsthemaximumsoundlevelwhichcouldbemeasured}
plottedagainsttherateofchangeofsaibientpressureforvarioustime
constantsofthemicrophoneleakpathatseveralaltitudes.Forexsmple,
atanaltitudeofappr’oximatel.y18,000feetanda diverate(rateof
me oftiientpressure)of6 in.@see, themaximumsoundlevel
whichcouldbemeasuredwiththemodifiedmicrophonewouldbeapproxi-
mately139decibels.Thetimeconstantvariesdirectlywithviscosity
andinverselywithpressureasshowninreference6.

A staticcalibrationofthemicrophone-oscil.htorass-m was
performedbyapplytipressuretotheoutsideofthemicrophoneand
measuringthispressurewitha precisionwatermanometer.A pressure
changeof*1.13in.~0, correspondingtoa levelof140de$ibels
(re0.0002dyne/cm2),produceda frequencychangeofapproximately500CPS,
whichissufficienttogivethedesiredaccuracy.Figure5 isthestatic-
calibrationcurveforthemodified-microphone-osci~tor assenibly.

. . . . .. ..— — —— ..— ———. — —-.
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lhthefrequencyrangeof~ to1,000cps,thediaphragmdeflection
isaffectedbythespringconstantoftheairbehindit. Therefore,a
correctiontothestaticcalibrationof-1decibelat20,000feetor
-2decibelsatsealevelmustbemade(ref.5). ,

Fromthestatic-calibrationcurve,second-andthird-harmonicdis-
tortionswerecalculated.Undertheworstcondition,a pressureof
-2in.H20acrossthediaphra-anda soundlevelofl.kOdecibels,
second-harmonicdistortionwaslessthan3 percentandthird-harmonic
distortionwaslessthan1/2percent.

Probe

b designingthemicrophonehousing,aneffortwasmadetoel.iminate~
insofaraspossible,ahyerrorsitmightintroduceintothemeasurements.
Themostsatisfactoryprobewouldgeneratelittleornoaerodynamic
noise,andthecharacteristicsofitsacousticchsmber.would(1)permit
anunattenuatedandconstant-amplituderesponseoverthefrequencyrange
ofinterest,(2)”attenuateallfrequenciesoutsidethisfrequencyrange, %
and(3)beessentiallyunaffectedlychangesinaltitude.Onthebasis
oftestsdescribedlater,theprobewasdesigaedasshowninfigure6.

Essentially,theprobeisa tubewithanoutsidediameterof
1.25inches,aminsidediameterof1.0inch,andanellipsoidalnose.
b ordertoadmitthesoundpressurestothemicrophone,10holes,each
witha 0.031-inchdiameter,wereequallyspacedaroundtheperipheryat
a distanceofapproximately10diametersfrcmthenose.Anacoustic
chsmberwasformedinthepipebya pluglocatedupstreamfromtheholes
andthediaphragmofthemicrophoneonthedownstreamside.Bya change

. inthepositionoftheplug,thenaturalfrequencyoftheacoustic
chamberwasadjustedtoapproximately1,650cps,sothata flatresponse
couldbeobtainedintheregionofinterestwhilemaximumattenuation
ofotherfrequenciescouldbeachieved.

Testsoftheprobe-microphoneasseniblywereperformedtodetermine
thenunikrandsizeoftheholesreqyiredtogivenegligibkattenuation
tothesoundinthefrequencyrangeofinterest.Thesetestswereas
follows:

Theamountofsoundattenuationandthenaturalfrequencyofthe
acousticchsuberaredependentuyonthenuniberandsizeoftheholes
intheprobe.Inordertoarriveata reasmableconfigurationwith
whichtobeginsometests,computationsweremadebyusingtheformula
fora Helmholzresonator.

Sincetheminimumdiameterofthechsnberwasfixedbythesizeof
themicrophone,andthedesirednaturalfrequencywaslnmwn,thetotal .’
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areaoftheholesnecessaryfor.a reasonablechsnibervolumecouldbe
estimated.

Testswitha loudspeakerasthesoundsourceweremadeata sound
levelofapproximately85decibels.Theprocedurewastomeasurethe
microphoneoutputthrougha frequencyrangeof100to3,000cpswith
thenosesecticmoftheprobeoff,inwhichcasethemicrophonewas
completelyuncovered,andthenwiththenosesectionoftheprobein
place.Thisprocedurewasrepeatedfordifferentnunibersofholes
anddifferentchauibervolumeswiththeacousticnaturalfrequencykept
S.l?OUIld1,600 CPS . These tests showedthat,for10holes,thesound -
attenuationwasapproximately1/2decibelamdthenaturalfrequency
couldbeadjustedtothedesired1,650cps.

Theunitwasalsocheckedat a simulatedaltitudeof20,000feet.
Figure7 presentsthefrequencyresponseatsealevelandat20,000feet.
Itshowsthefreqpencyresponsetobeflatwithin~1decibelfrom80to
approximately1,000cpsandthentoriseattheapparentnatural
frequency.

Testswerealsomde ina g-inchby18-inchblowdowntunnelto
determinetheamountofaer&iynamicnoisegeneratedbytheprobe.The
probewasmountedonthewalltisidethetunnel,andthedatawere
recordedduringrunsatMachntiersof0.5and0.7foranglesof
attackofOoand50ata simulatedaltitudeofapproximately10,000feet.
Theprobewasthenremovedfrominsidethetunnelandmountedatthe
sanestationontheoutsideofthetunnelwall.Datawereagaintaken
duringrunsatthesameMachnunibers.

OverallnoiselevelsofU3 and110decibelsweremeasuredonthe
insidesmdoutsideofthetunnel,respectively,inthefrequencyrange
of80to1,000Cps.Onthebasisofthesedata,theoveralllevelof
theseM-generatednoisewas113decibelsorless.

Telemeter

Twochannelsof a telemeterofNACAdesignhave.beenpackaged
especiallytosuittheairplaneusedinthetestsofreferencek. Fig-
ure8 showsthetelemeterandboomiqstaXlationInthewingcoqartment
oftheairplane.Thedatachannel(150kilocycles)utilizesthemicro-
phonecapacityaspartofthecapaci@inthetunedcircuit& its
oscild.ator;a changeinmicrophonecapaci~producesa changeinoscil-
latorfreqpency.Switchinga capacitorinthetunedcircuitofthe
oscillatoroftheotherchannel(110kilocycles)producesa 500-cps
shiftinfrequency;thisshiftisusedtoidentifythebeginningand
endofeachtestruninordertocorrelatethetelemeteredinformation
withdatarecordedintheairplane.Thechanneloscillatorsdrivea

. . -.—-.—--.. .—. -— —— —-. — ——. —---- ~—— —.- - —----—
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cmmnonmodulatorwhich,inturn,-smplitude-mdulates.a 10-watttrans-
mitteroperatingona 217.~-megacycl.etelemeterfrequency.Thetelem-
etersignalisdetectedbythereceiver,andthetwochannels(110and
150kilocycles)areseparatedbyfilters,heterodynedto3 kilocycles,
andrecordedona dual-channeltaperecorder.

Analyzer

Thefkequencyanalyzerisessentiallya frequency-selectivevolt-
meteroftheheterodynetype,consistingofa balanceddetector,a
localoscillator,anda tunedamplifier.Thefilterusedintheana-
lyzerisapprately 20cpswideatthehalf-powerlevel,andits
responseisconstantoverthetunablerangeofO to1,500cps.
converterisa voltage-squsminguuitconsistingofa vacuumthermocouple
havinga timeconstantof1.7seconds.Thed-coutputisrecordedon
a stripchart.

Thectibrationoftheanalyzingequipmentisaccomplishedby
recordinga signalofknownsoundlevelX freq~cyontapeand
playingitthroughthesystem.Figure1 presentsa typicalfrequency
analysisobtainedwiththiseqyipment.

‘%

.

OVERAILPERFORMNCEANDACCURACY

Thedynamicrangeofoverallsoundlevelsmeasuredbythissystem
is113‘“to150decibels(re0.0002dyne/cm2).Thefrequencyresponse
isflatwithintldecibelinthefrequencyrangeof80to1,CKXlcps,
withmaximumsecond-harmonicdistortionlessthan3 percentandmaxi-
mumthird-harmonicdistortionless@an 1/2percent.Thesystemis
unaffectedbyhumidi@andacceleration;correctionsforchangein
temperatureareoftheorderof1/2decibelfora decreaseintemper-
atureof65oc (ref.5);correctionsfora chsmgeinaltitudetiomsea
levelto40,000feetareoftheorderof2 decibels(ref.5).

TheO.~-secondtime constantoftheleakpathinthemicrophone
atsealevelpermitssoundmeasurementstobemadeundervaryingtiient
pressuresintheusablerangeofthemicrophone.

Thesystemnoiseleveldoesnotexceed113decibelsinthefre-
quencyrangeof80to1,000cps.Ina frequencyanaJysissuchasfig-
ure1,sometroughsmayextenddowntoapproximately96decibels,since,
byusinga 20-CPSbandpassfilter,thenoiselevelrecordedisreduced
bya factorofapproximately50,or-17decibels.

.. .. —...—- .- — — .-.—— .
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Operationofthissystemandreductionofthedataareroutine
anddonotreqyireengineering-personneltime.Thesystem,when
installed,requireslittlemaintenance..Tninstallationanduse,no
unusualprecautionsarenecessary.A checkcalibrationmadeafter
severalflightsshowednosystemsensitivi@changes.

Theoverallaccuracyofthesystem,foroverallsoundlevels
between113and150decibelsina frequencyrangeof80to1,000cps,
is*2decibelsandtherepeatabilityis*1/2decibel.

.

CONCLUDINGREMARKS

Instrumentationhasbeendev&lopedformakingfree-spacemeasure-
ments-inthesouudfieldgeneratedbya propellerinforwardflightin
thefreqyencyrangeof80to1,000cpswithanaccuracyof+2decibels.
Thesystemhasbeenuseduptoa Mmh nuuiberofO.72;however,itmay
beusabletohigher-Machnuuibersandbeadaptabletoanyairplane.
Theequipmentisinherentlysimpleinoperationandrequireslittle
maintenance.

LangleyAeronauticalLaboratory, ‘
I?aticmal.MvisoryCommitteeforAeronautics,

WY meld,Va.,July1,1955. .
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